ABSTRACT
Introduction
Perineal colostomy is a useful technique for replacing the anal function. Reconstruction of neo-anal function following the abdominoperineal amputation of the rectum allows for partial control of intestinal content evacuation. This technique has several notable oncological features: it allows in a block resection of the pelvic tissues and subsequent filling of the pelvic hollow; it avoids abdominal colostomy; and patients have an improved social life, as they are bag-free and can schedule their intestinal hygiene at their convenience, despite their relative incontinence 1 . Perineal colostomy also avoids alterations to the patient's body image that can be interpreted as disfiguring and necessitate a process of redevelopment 2, 3 .
Seromyotomy, which is conducted to construct surgical valves in the pulled-through colon, consists of a total local section of the serosa layer, including both the external and internal muscular layers of the intestinal wall, to the point of making the protusion of the mucosa evident and creating an invaginating suture of the mucosa in this segment. This procedure involves the section of the myenteric plexus (Auerbach's) with the preservation of the submucosal plexus (Meissner's) and mucosal plexus, thus resulting in localized surgical de-enervation. The histological alterations in the valves constructed at the cellular and neural levels remain unknown [4] [5] [6] .
The objectives are as follows:
1) Reproduce the technique of Seromyotomy in an
experimental environment by constructing valves in the colons of rats. 2) Investigate the morphological and immunohistochemical aspects of the myenteric plexus of these valves to verify whether any denervation occurs both at the operative site and in those areas adjacent to the third valve. Furthermore, we are interested in whether alterations occur in the thickness of the muscle layers or the connective tissue in the intestinal wall adjacent to the third valve.
Methods
The study was performed after obtaining approval from the Medical Research Ethics Committee of the institution (CETEA/UFMG).
Thirty six male Wistar rats (Rattus norvergicus albinus)
between three and five months, weighing between 230g a 500g
were used in experimental model. The rats were divided into the following three groups: 6 specimens in the Control Group (CG), 6 specimens in Amputated Group (AG) and 24 specimens in Amputated Group with Valve (AGWV). The animals were held in fasting conditions (8h), with no rations and free access to water. They were weighed immediately before the anaesthetic procedure and anaesthetised with a mixture of Xylasine (1 mL/kg live weight) and Ketamine (1 mL/kg live weight) in equal parts, via intramuscular injection, on the lateral aspect of the left thigh.
Surgical procedures

Control Group (CG)
Six rats were submitted to laparotomy, a midline incision with 5 cm in length. These rats underwent exploration of the abdominal cavity, injection of 5 mL of 0.9% saline solution, replacement of the intestinal loops at the incision site and abdominal wall closure using PDS (Polydioxanone) 4.0 with continuous surgical suture in the aponeurosis and skin in a craniocaudal direction (xiphoid-pubic).
Amputated Group (AG)
Six rats were subjected to an anal bag-shaped surgical suture (cotton 2.0 sutures with needles) via perineal access and mobilization of the entire rectum and colon to pull them up through to the coccygeal vertebra. Following that step, the anal sphincter structure was resected approximately 1 centimetre from cranial to the anal edge. The descending colon was sutured to the perineal skin with cardinal points (Chromed Catgut 5.0). An extra stitch was placed among the previous four stitches crowning the perineal colostomy.
Amputated Group With Valve (AGWV)
Twenty-four rats were subjected to amputation of the anal sphincter structure via perineal access and construction of 3 valves in the pulled-through colon via abdominal access, followed by perineal colostomy. The perineal operative time followed the same techniques as in the AG, with the colostomy fixed after the sphincters were extracted and valves constructed. A five centimetre midline laparotomy was performed. The arterial arcade and caudal mesenteric artery were preserved. A tweezer was placed by the perineum through the retrorectal area, to access the abdominal cavity, i.e., the dissection of the intestinal segment in the perineal operation was taken to the abdominal cavity. The construction of the valves through a linear section of the seromuscular layer On the fortieth post-operative day, the entire large intestine was extracted, and the animals were killed by bloodletting. 
Collection, fixation and histological processing of the material
In all three groups, a 9-centimetre segment of the intestine was removed, beginning at the anal edge. The segment was divided into two parts: a 3-cm cranial segment and 6-cm distal segment. The 6-cm distal segment in the AGWV contained the three constructed valves, whereas in the CG and AG, the extracted segment of the intestine corresponded with the area with valves in the AGWV.
The colon was opened longitudinally on its antimesenteric face and processed as described elsewhere 8 . Briefly, the intestine was washed in PBS (phosphate buffer saline) solution and the piece was placed onto filter paper with the serosa side in contact with the paper and immersed in Bouin's fixative solution with 2% glacial acetic acid. The segment was kept submersed as long as necessary for proper former fixation to occur, which permitted the piece to .
Microscopy and morphometric analysis
The morphometric analysis was planned for the comparative study of the distal and cranial segments of the three experimental groups in accordance with the following parameters: b. Density of the neural elements in the muscular wall as marked specifically using PGP 9.5 ( Figure 4 ). 
Distal segment
To measure the thickness of the intestinal wall, five images of each slide were photographed at 4x magnification of the distal segment, which included the regions immediately adjacent, distally and cranially, to the third valve in each slide of the AGWV intestines and corresponding region in the CG and AG intestines.
Five measurements each of the muscular and serosa layers were obtained from each image. In this segment, the same parameters were evaluated in the distal segment; five images from each slide were selected from a minimum of five and maximum of seven rats.
Cranial segment
Five measurements each of the muscular and serosa layers were made for each image, with a magnification of 4x, which corresponds to 3 centimetres cranial to the third valve of the AGWV and corresponding region in the CG and AG intestines. A minimum of four and maximum of six images were selected from each slide, corresponding with four rats from the CG, six from the AG and seven from the AGWV for the distal intestinal segment. At least five images from five to six rats from each the experimental group were also obtained for the cranial segment.
Utilising the proper tools of the KS300 software for measuring the area (binary image in a 10x objective), the internal muscular layer was isolated by masks, and its area was measured in µm 2 and denominated the IM Area. The same real image was and then divided by the total area (µm 2 )
12
. These proportions are shown in Table 2 .
Distal and cranial segments were coloured with Gomori
Trichrome stain and subjected to a morphometric procedure. In the distal segment, five slides from the CG, six slides from the AG and four slides from the AGWV were selected. Four to eight images were photographed for each slide, at 4x magnification. For the cranial segment, five slides from the CG, five slides from the GA and seven slides from the AGWV were selected, and five to six images were made from each slide using the afore mentioned magnification. The average of the measurements obtained for each group was reported. The results were expressed as a proportion of the area coloured in bluish-green, measured and expressed in square micrometres (µm 2 ) and then divided by the total area of the intestinal wall (area of all layers).
Results
Pre, intra, and post-operative complications are listed in 
Complication
Nº of rats
Mucosa punctiform opening 10 Encapsulated abscess 1
Abdominal adhesion 4
Tail wound dehiscence 1
Incisional hernia 1
Testicular injury 1
Leg muscle necrosis 10
Colostomy prolapsed 32
Death 6
Microscopy of the distal intestinal segment
In the CG and AG, the intestinal wall demonstrated habitual continuity of the mucosa, submucosa, muscular and serosa layers ( Figure 6 ). The AG also demonstrated a nonspecific inflammatory reaction restricted to the serosa layer. In the AGWV, the intestinal wall demonstrated continuity of all layers except in the region where it was possible to identify the presence of the valves by the localised thickening of the serosa and muscular layers, signs of chronic inflammation with the formation of giant cells that phagocytose parts of surgical sutures ( Figure   7 ) and fibrotic repairs (connective-vascular neoformation with collagen deposits). The linear interruption of the muscular layers in a region largely replaced by exuberant vascular connective tissue represents fibrous scarring that mainly extended to the serosa layer and external and internal muscular layers ( Figure 8A and B). The submucosal layer, including the muscularis mucosae was found to be preserved ( Figure 9 ).
FIGURE 7 -Mononuclear infiltrate rich in foreign-body giant cells (arrows) (H&E, 10x)
. Nevertheless, despite the intense alterations described in the valve region, a systematic inspection of the adjacent areas demonstrated well-preserved tissue with only minimal deposits of connective tissue that did not result in important structural alterations in the wall. These findings may be observed in Figure   9 , which is representative of the intestinal wall between the valves.
The colouration of connective tissue using Gomori
Trichrome Stain revealed habitual collagen deposits in several anatomic regions of the wall, which showed no qualitative or quantitative differences between the groups.
The distribution of the myenteric plexus along the intestinal wall sampled in the roll of the regions between the valves remained preserved in terms of the structure and density of the neural elements, as was well demonstrated by PGP 9.5 expression (Figures 10 and 11) . However, at the site of the surgical valves, a concomitant discontinuity in the internal and external muscular layers was observed, in addition to the virtual absence of the elements that constitute the myenteric plexus at these sites. Figure 12 shows the paucity of these filaments in the internal muscular layer at the site immediately adjacent to the valves. This decrease in density was not detected in the intervalve areas where the morphometric analysis was conducted.
FIGURE 12 -PGP 9.5 expression on the intestinal wall of the GACV rats in the area adjacent to the third valve. An important decrease in the density of neural fibres in the internal muscle layer can be observed (arrow) (20x).
Microscopy of the cranial intestinal segment
The intestinal rolls in the cranial region reveal wellpreserved intestinal layers from a structural point of view.
Staining with H&E, Gomori and immunohistochemistry for
PGP demonstrated similar findings when comparing the groups.
Furthermore, the morphometry of these elements did not reveal any quantitative differences. The serous layers of the representative animals in the AGWV rats can be observed to be discretely enlarged due to a chronic inflammatory process indicative of a giant cell reaction ( Figure 13 ). 
Thickness of the distal and cranial intestinal layers
The thicknesses of the internal muscular, external muscular, total muscular and serosa layers of the intestinal wall in the distal region were not statistically significant between the three groups. In the cranial region, the thickness of the specific muscular layers did not differ statistically between the GC, AG and AGWV, whereas the thickness of the serosa layer was significantly different between the groups (p = 0.024). According to the Mann-Whitney test, the serosa layer was significantly larger in the AGWV than the CG.
Gomori Trichrome Stain in the distal and cranial intestinal segments
This colouration reveals the habitual features of collagen deposits evident in the diverse anatomic regions of the wall, although neither qualitative nor quantitative differences were found between the groups.
Density of the neural elements in the distal and cranial intestinal segments
The density of the neural elements of the intestinal wall in the region distal to the third valve was analysed using the KruskalWallis test. Although the differences in density were not statistically significant, the differences in proportions were significant (Tables   2 and 3 ). One may observe that all of the parameters evaluated for the densities of positive PGP 9.5 elements in this region were significantly greater in the CG than the AG. There was also a significant difference between the CG and AGWV in terms of the density parameter expressed as PGP pos-IM + plexus area / total area, with the CG demonstrating greater values. The intestinal segment cranial to the third valve was analysed in the same manner as described for the distal intestinal segment. The Kruskal-
Wallis test was applied. None of the differences in terms of the relation and proportions for the density of the PGP-positive neural elements were statistically significant. 
Discussion
The experimental reproduction of the technique for constructing biological surgical valves in the colons of rats subjected to abdominoperineal amputation with surgical reconstruction of the pelvis and exteriorisation of perineal colostomy has proven executable and achieved its objective.
The seromyotomy undertaken in the valve construction results in local denervation [4] [5] [6] 13 . In this denervated segment, there To extrapolate the current findings to human beings, we conclude with future perspectives of more studies that consider the systematic analysis of other elements, such as interstitial cells of Cajal, neurotransmitters and the physiology of the operated segment, submucosal plexus of Meissner and colonic mucosa 16 .
Given its certain clinical applicability, this technique may be able to improve patients' quality of life.
Conclusion
The morphological and immunohistochemical valve built in the left colon of rats subjected to abdominoperineal amputation and perineal colostomy revealed denervation site seromyotomy, which contributes to the delay of the intestinal flow.
